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Linh vwe ky thuat dwoc dé cap

Sang ché thudc linh vuc hoa-duge. Cu thé, sang ché dé cap dén quy trinh san Xuat
hop chét steroit, cu thé la androst-4,9(11)-dien-3,17-dion (A’UD-AD) thong qua
phytosterol, androstendion (AD) va 9a-hydroxy androstendion (90-OH AD) tir phu
phim cong nghiép tinh luyén dau dau tuong.

Tinh trang ky thuét cia sz’tngché'_

Céac ché phém steroit ¢6 thé duoc xép vao loai dugc phém duoc tiéu thu rong rai
nhit va ngdy cang ting trong nganh cdng nghi¢p dugc thé gi¢i, duge st dung lam thude
chita rit nhiéu bénh khac nhau vi ching c6 phd hoat tinh rét rong, nhiéu trudng hop 1a
liéu phap khong thé thay thé: thudc khéng viém, tang cudng mién dich, st dung trong
sinh dé c6 ké hoach tranh thu thai va chita vo sinh, thubc loi tiéu, chéng 130 hoa, tac
nhan ddng hoa. Ching cling dugc tng dung thanh cdng trong diéu tri ung thu v, ung
thu tuyén tién liét, ung thu tiy xwong, ung thu mau, diéu tri lodng xwong cling nhu tac
nhan thay thé trong diéu tri chimg thiéu hocmon tuyén thuong than, trong viéc ngan
chin bénh nhdi méu co tim, tdc nhan khang nam, 12 thanh phan c6 hoat tinh chbng béo
phi, ngan chan va xt 1y 1ay nhiém HIV, phdi ché thudc dicu tri bénh AID.

Trén thé gi6i dang c6 xu huéng mdi st dung sterol thuce vét (phytosterol) dugc
thu hoi tir phé phu thai cong nghiép gidy, cong nghiép mia dudong va cong nghi¢p tinh
luyén dau dau tuong v6i gia thanh rat ré thay thé cho nguyén liéu truyén théng diosgenin
(chiét tir cac cdy dioscorea (ci mai), costus (mia gio)) va solasodin (chiét tir cAy solanum
(ca)) gia thanh ngay cang cao vi phai trdng trén dat nong nghiép nhiéu nam (4-5 nam)
méi c6 thé thu hoach. Ngoai ra, cdc cdy nay phat trién va cho ning suét tét chi & mot vai
noi trén thé gi6i (chang han nhu Mé-Hi-Cd, An D3,... ), & Viét Nam céc loai cdy nay
khong thich hop dé trdng vi gidng bi thoai hoa nhanh chong, néng suét thip. Pidu nay
tré thanh hién thuc nhdr viée tao ra mdt s chung vi sinh dot bién phan cét oxy hoa chon
loc mach nhanh sterol, hdn hop phytosterol dén cac hop chat 17- keto steroit nhu
androstendion (AD), androstadiendion (ADD), 9a- OH AD.

Hién nay, AD va 9a- OH AD dang duoc nghién ciru manh mé lam nguyén li€u

ban dau dé tdng hop céac loai thudc goc steroit, trong so d6 c6 seri thude cao cap
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hormoncocticoit nhu dexamethason, cac din xuit cua dexamethason, prednisolon, 6a-
metyl prednisolon, betamethason, v.v.. Trong khi do, trong cac so dd da biét tong hop
cac thudc nay ding 9a- OH AD lam nguyén liéu dau, nhom hydroxy & vi tri C(9) duoc
loai bo ngay tir diu dé tao thanh ndi doi A**)-,vi nhom 9a-hydroxy rat nhay cam trong
céc diéu kién phan tmg. Do vay, sdng ché nay d2 xuét quy trinh diéu ché truc tiép A1D-
androstendion tir phu phim cong nghiép tinh luyén dau dau tuong va sir dung ngay lam
nguyén liéu d4u cho téng hop cac hocmon cocticoit.Diéu nay lam tang hiéu qua cua toan
bo day chuyén cong nghé san xuét thudc.

Phytosterol va AD con dugc s dung lam nguyén li¢u ban dAu dé san xuét thuc
phim va thudc.

Phuong phdp thu héi, tinh ché phytosterol tir phu pham cong nghiép tinh luyén

dau ddu twong thong thuong

CHa

Phytosterol (R=-C,Hs)

Céc giai phap gln nhét véi sang ché thuc hién thu hdi, tinh ché phytosterol tir
phu pham cong nhiép tinh luyén dau dau twong bao gdm céc giai doan chung sau: Thiy
phan nguyén liéu phu pham cong nghiép tinh luyén dau dau tuong co6 chua sterol bang
dung dich kiém- nuéc co bd sung 30-70% ancol bac thép (MeOH, EtOH, v.v.) ¢ nhiét
d06 sbi ctia hdn hop, sau do trung hoa bang dung dich axit sulfuric dén trung tinh, trich
ly phan diu tach ra c6 chira phytosterol, tinh ché phytosterol bang phuong phép két tinh
chon loc (xem céc cong bd patent s6 US2843610, Bioresource Technology, 2007, 98,
2335; va US2715639, US2729656; US2729655).

Phuong phdp vi sinh chuyén héa phytosterol dén AD va 9a-OH AD

D4 biét cac phuong phap vi sinh phén cit oxy hoa chon lgc mach nhanh hdn hop
phytosterol dén 17-ketosteroit nhu A*-3,17-diketo-androstendion (AD), 90-OH AD
(xem App. Biochem. Microbiol.,2011, 43 (3), 297-301; Biochim. Biophs. Acta, 1978,
539, 308; US4035236, 1977; US4175006, 1979; US4397946, 1983; DD298278, 1992
DD298279, 1992; RU2077590,1997; App. Microbiol. Biotechnol., 2005, 67(5), 671-
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687; J.Chem. Technol., 2005,80,55-60.v.v..). Tuy nhién, phan 16n cdc phuong phap nay

khong duoc md ta du chi tiét.

Androstendion (AD) 9a-OH AD

Phurong phdp dehydrat héa 9a-OH AD: tong hop A0V - AD

11(\ 17
1 16

¢ pos

(5)(4)
So dé 1. Dehydrat héa 9a- hydroxy androstendion

Piém dang lwu ¥ cla phén ing dehydrat héa 9a-OH AD 1a kha nang tao thanh
ddng phan andros-4,8(9)-dien-3,17-dion (A*?-AD (5)). DPdng phén nay c6 gia tri Re
tuong tu A>-AD trén séc ky ban mong (TLC) va khong thé tach khoi nhau bang phuong
phap két tinh. Nhan biét dong phan A¥®-AD trong hdn hop san pham c6 thé duge thuc
hién, vi du, bing cac phuong phép phd 'H, “C-NMR (xem cong bd patent sb
EP0253415, 1988; EP0294911, 1988), hodc bang sic ky long cao 4p HPLC (xem cong
b patent sb EP0253415, 1988; EP0294911, 1988), sac ky khi GC (xem cong b patent
s6 US4102907,1978).

Téac nhan dehydrat hoa cé thé st dung bao gém axit vo co, axit hitu co, anhydrit

hoic axit clo hydric hitu co va v6 co va cac tac nhén khac.
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Phan tng dehydrat hoa 9a-OH AD dé tong hop A*'V-AD st dung tic nhan
dehydrat hoa co thé duoc tién hanh trong mdt dung méi hitu co hodc khong can st dung
dung moi.

Dung mdi sit dung duoc khuyén ding la mot dung moi hitu co tro khong proton,
dac biét 1a cac hydrocacbon thom (chrfmg han nhu benzen, toluen) hodc cac hydrocacbon
chita Clo (Vd. CHxClp, CHCl3, CH2CICHCl). Téc nhan dehydrat hoa st dung la cac
axit vo co chira HO, dic biét 1 axit H3PO4, H2SO4 hodc HC1O4

Phuong phép dehydrat hoa 90-OH AD tdng hop A°UD-AD da biét c6 st dung
dung mdi hitu co (cac hydrocacbon chira clo, cac hydrocacbon thom, céc ete vong, cac
bazo hitu co). Tuy nhién, tic nhin dehydrat hoa la ofany N, N1-tional-diimidazon dugc
tao thanh tir SOCI, va imidazol (dung méi THF) hogc p-TSA (dung moi benzen) (xem
Chem. and Ind., 1961, 1530]; ho#c st dung silicagel hép phu axit sulfonic hiru co (dung
moi hydrocacbon thom) (xem EP0253415, 1988); hodc axit Lewis: sit clorua, titan
tetraclorua va hdn hop ctia ching véi silicagel trong mot dung moéi hiru co tro (xem
EP0294911, 1988); hoic axit closulfonic (dung mdi CH2Clz) (xem US4127596, 1978,
Vd. 1-8].

Mot chi tiét quan trong ctia gidi phap nay 1a viéc st dung tac nhan dehydrat hoa
1a cac axit vo co chira HyO, dic biét 14 axit HsPO4, H2SO4 hodc axit HCIOa.

Mot phuong phap diéu ché cac A’D-steroit clia mot s& cac androstan, bao gdm
AYD_AD, phan (mg ciia 9a-hydroxysteroit (dac biét 1a 9a-OH AD) v6i axit chira oxy
khong thom c6 pKa < 1,0 [US4127596, 1978]. D¢ la axit dugc lya chon tir nhom cac
axit closulfonic, sulfuric, phosphoric, metansulfonat, perlina va triperoxonan. Phan ing
duoc tién hanh trong moi trudong axit chira oxy.

Mot phuong phap da biét tong hop A’D-AD tir 9a-OH AD st dung axit
polyphosphoric (xem HUT36138, 1985). DPiém khong thuan loi cta phuong phap
dehydrat hoa nay 12 st dung tac nhan dehydrat hoa c6 mét ctia H,O0, st dung qua du tac
nhén dehydrat hoa, thoi gian phan tng dai, trong hau hét cac truong hop déu phai st
dung séc ky cot dé tinh ché san pham, do d6 hogc 1a hiéu suét thap hoic 1a san pham
khong sach.

Phén tich cAc tai liéu tham khao v& phan tmg dehydrat hoa 90-OH AD chira rang
viéc thuc hién phan ung trong mot dung mdi hiru co dic biét 1a cac hydrocacbon thom

hoic cac hydrocacbon chira Clo, sir dung cac axit vo co chtra H>O 1a chua duge mo ta.
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Nhitng mo ta vé cach tién hanh phan tng v6i céc axit hitu co hodc dAn xuit cta chiing,
anhydrit hogc axit chlorit v6 co, moi trudng khan 1a mot diéu kién phan mg, cho mot
két qua kha quan. Theo nhu céc tai liéu trude do, viéc st dung céc axit vo co chira H>O
d& ¢6 thé nhan duge A°1V-AD trong qué trinh dehydrat hoa 9a-OH AD ma khong st
~ dung dung moi hitu co, tuy nhién, nhitng phuong phap nay ¢6 nhiéu nhuge diém va céc
két qua nhan dugc 12 khong thoa dang.

Trong cAc tai liéu tham khao khong c6 thong tin vé phan mg dehydrat hoa 9a-
OH AD tao thanh A°1D-AD sir dung téc nhan dehydrat hoa la cac axit vo co chira H20
trong dung méi hitu co tro khong proton.

Thém nita, trong céc tai liéu tham khao khong c6 thong tin vé viée thuc déy phan
tng dehydrat hoa, d6 1a loai bé lugng H2O du trong phan Gng dehydrat hoa, bang
phuong phap chung cit ding phi.

Céc giai phap da dugc biét khong mo ta ddy dit va chi tiét tat ca céc qud trinh
didu ché A°0D-AD tir phu phdm cong nghiép tinh luyén dau dau twong nhu trong sang
ché nay. Séng ché md ta quy trinh san xudt 4 thuong pham steroit dung trong linh vuc y
dugc: phytosterol, androstendion (AD), 9a-hydroxy androstendion (9a-OH AD) va
androst-4,9(11)-dien-3,17-dion (A*d1- AD) tir phu phim cong nghiép tinh luyén dau dau
tuong khéc phuc dugc cac han ché trong cac phuong phap néu trén.

Ban chét ky thuit ciia sing ché

Muc dich cua sang ché 1a dua ra quy trinh san xuét hop chét steroit, cu thé 1a
androst-4,9(11)-dien-3,17-dion (A°1!- AD) thong qua phytosterol, androstendion (AD)
va 9a-hydroxy androstendion (90-OH AD) tir phu phim cong nghiép tinh luyén dau dau
tuong, sau khi da nghién ctru, phén tich cac nguén tai liéu tham khéao c¢6 dugc & trén, tac
gia cla sang ché da lua chon cac phuong phap hiéu qua kha thi nhét, tién hanh don gian
hoéa, giam thiéu cac giai doan, nang cao hi¢u sut ting giai doan.

Quy trinh theo sang ché san xuit hop chét steroit androst-4,9(11)-dien-3,17-dion
(A0 AD) tir phu pham cong nghiép tinh luyén diu dau trong bao gém céc bude sau:

(i) Thity phan phu phAm cong nghiép tinh luyén dau dau twong dé thu dugc san
pham tho, tinh ché san pham tho dé thu dugc phytosterol.

(ii) Chuyén héa phytosterol thanh androstendion.

(iii) Chuyén héa androstendion thanh 9a-hydroxy androstendion.
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(iv) Téng hop androst-4,9(11)-dien-3,17-dion bing cach dehydrat hoa 9a-
hydroxy androstendion st dung axit v0 co H>S04/H3PO4/HC1O4 trong dung mdi hiru co
khong proton.

MO ta vin tit cac hinh vé

Hinh 1 biéu dién phd HPLC ctia san phdm AD thu dwoc tir bude (i) cua quy trinh
theo sang ché c6 dd tinh sach ~ 100%

Hinh 2 bidu dién phd HPLC ctia san pham 9a-OH AD thu dugc tir bude (iii) cla
quy trinh theo sang ché ¢ do tinh sach ~ 100%

Hinh 3 bidu dién bidu didn phd HPLC ctia chat chuan 9a-OH AD

Hinh 4 biéu dién phd HPLC cta san pham thd 90-OH AD & quy md 5,0L

Hinh 5 bidu difn phd HPLC ciia san phim tinh ché 9a-OH AD & quy md 5,0L

Hinh 6 bidu dién phd HPLC ctia san phim thd 9a-OH AD & quy md 80L

Hinh 7 bidu dién phd HPLC ctia san pham 90-OH AD & quy md 80L

Hinh 8 biéu dién phd IR cta hdn hop phytosterol dau twong phan 14p tir phu thai
cong nghi¢p dau dau trong Cai Lan- Quang Ninh

Hinh 9 biéu dién phd HPLC ctia hon hop phytosterol déu twong phan 1ap tor phu
thai cong nghiép diu dau twong Cai Lan- Quang Ninh

Hinh 10 biéu dién ph6 MS ctia B-sitosterol

Hinh 11 biéu dién phd MS clia stigmasterol

Hinh 12 biéu dién phé MS ctia campesterol
M ta chi tiét sang ché

Thay vi trong céc tai liéu tham khéo khac, nhiéu giai doan cua quy trinh khong
duge mo ta chi tiét, tic gia sang ché nay dit ra muyc tiéu mo ta day du, chi tiét tat ca cac
giai doan cua quy trinh. Quy trinh theo cho hiéu suét cao, khong c6 san pham phu va
phuong phép tinh ché du don gian, cu thé 1a khong can st dung k¥ thuét tinh ché cot sic
ky, kha thi 8 trién khai vao san xuét cong nghiép. Trén thuc té, quy trinh theo sang ché
bén virng va da duoc trién khai thir nghiém thanh cong nhiéu 1an & quy mo pilot 80L
(xem Vi du thuc hién séng ché); hang tram kg phytosterol da dugc san xuét va tmg dung
trong thyc tién. Céac hop chit khéc 1a san pham cua sang ché nhu androstendion (AD),
9a-hydroxy androstendion (9a-OH AD) va androst-4,9(1 1)-dien-3,17-dion (A’®!- AD)
dd dugc st dung lam nguyén li€u ban déau trong nghién ctru tdng hop cac hop chét steroit

lam thudc nhu prednisolon, axetat dexamethason, testosteron, betamethason.
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Céc chung vi sinh vat dugc su dung trong quy trinh san xudt hop chat steroit:
androst-4,9(11)-dien-3,17-dion (A1~ AD) thong qua phytosterol, androstendion (AD)
va 9a-hydroxy androstendion (90-OH AD) tir phu phim cdng nghiép tinh luyén dau dau
tuong theo sang ché bao gdbm ching Mycobacterium neoaurum, Rhodococcus
erythropolis, day 1a cac ching dugc phan 1ap tir ty nhién va hién dugc luu gilr tai Vién

Cong nghé sinh hoc, Vién Han 1am Khoa hoc va Cong ngh¢ Viét Nam.

Chung Mycobacterium neoaurum 1a mot ching vi khuén khang axit, truc khuén,
khong gy bénh dbi véi dong vat than nhiét, dugc bao quan trong mdi truong nito long
tai Vién Cong nghé sinh hoc, Vién Han 14m Khoa hoc va Cong ngh¢ Viét Nam, 18
Hoang Quéc Viét, Ha Noi, Viét Nam v6i s luu gitt MNOO1.

Ching Rhodococcus erythropolis 1a mot loai vi khuan hiéu khi, khong gay bénh
d6i véi dong vat than nhiét, dugc bao quan trong moi trudng nito long tai Vién Cong
nghé sinh hoc, Vién Han 1am Khoa hoc va Cong nghé Vi€t Nam, 18 Hoang Quéc Viét,
Ha Noi, Viét Nam v6i s6 luu gitt REOO1.

Quy trinh theo sang ché dugc tom tét trong so' do 2 dudi day :

Phytosterol

Androstendion
R= C2H5
( AD) 9a. - OH AD
1
M @ G)
(Nguyén liéu)
Phu phém cong nghiép
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tinh luyén dau dau

JRiee

So dé 2. So dé san xudt phytosterol, AD,90-OH AD va N°™-AD
tir phu pham cong nghiép tinh luyén dau ddu twong

Nhu vay, quy trinh theo sang ché san xuit hop chét steroit:androst-4,9(11)-dien-
3,17-dion (A°MD-AD) tir phu phim cong nghiép tinh luyén diu dau tvong gdm 4 cong
doan sau:

Cong doan 1: Chiét xuét tinh ché phytosterol tir phu pham cong nghiép tinh luyén
diu dau trong: Thuy phan bing dung dich 50% NaOH/ H20), ¢6 bd sung ancol bac thip
(30-70%) — Trung hoa bang dung dich axit 25% H2SO4— Trich ly phan lap san pham thd
— Tinh ché phytosterol bang phwong phéap két tinh chon loc tir dung moi.

Viéc bd sung ancol bac thdp vao hdn hop thuy phéan nhim tang do tan va giam
nhiét d6 qua trinh thity phan. Vi gia ca MeOH va EtOH cong nghi¢p khong khac nhau
nhiéu, nén dung MeOH cho hiéu suét tot hon.

Dung méi tinh ché phytosterol: Dung EtOH gia ré va it doc hai nhung hi¢u suét
thu hdi rat thap, san phadm dang bot x0p nhe, @6 tinh khiét khong dat cho giai doan chyén
hoa vi sinh tiép theo. P& c6 higu suét két tinh cao > 95%, do tinh sach ctia san pham>
97% dat tiéu chuén cho chuyén héa vi sinh, can st dung hdn hgp dung moi két tinh chon
loc 1a: (CH3)2,CO/MeOH 96%/H20 (50:40:10 (v/v/v)).

Trén thuc té, ngoai phytosterol, tir phu pham cdng nghiép tinh luyén dau dau
twong con thu dugce cac thr phim rat c6 gia tri st dung trong y hoc nhu tocopheron
(vitamin E), isoflavon.

Coéng dogn 2: Phén cit chon loc mach nhanh hdn hop phytosterol dén
androstendion bing chung vi sinh Mycobacterium neoaurum MN0O1

Phuong phép chuyén héa hdn hop phytosterol bang ching vi sinh Mycobacterium
neoaurum MNO001 dugc mo ta chi tiét qua céc vi du cua sang ché.

Vi phytosterol tan rat kém trong mdi trudng nudc, nén nguyén liéu can dugc

nghién nhé trén may nghién thong dung; ddng thoi thiét bi 1én men dugc sir dung 1a thiét
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bi chuyén dung c6 hé thdng canh khudy duoc cai tién dé lam giam qud trinh tao bot.
Hiéu suét chuyén hoéa vi sinh phytosterol dén androstendion dat > 70+5%. Do tinh khiét
cta san phdm dat > 97 % (HPLC)

Céng doan 3: Chuyén hoéa vi sinh androstendion dén 9a-hydroxy androstendion
st dung chiing vi sinh Rhodococcus erythropolis REOOI

Phuong phap chuyén héa hdn hop phytosterol bang chiing vi sinh Rhodococcus
erythropolis dugc md ta chi tiét qua cac vi du cua sang ché. Co thé st dung thiét bi 1én
men thong dung cho qua trinh nay Hi¢u sudt chuyén hoa vi sinh androstendion dén 9a-
hydroxy androstendion dat >70+5%. D¢ tinh khiét cua san phdm dat > 97 % ( HPLC)

Céng doan 4: Toéng hop A’-androstendion: dehydrat hoa 9a-hydroxy
androstendion bng tac nhéan axit vo co nhu HaSO4, HsPO4, HCIO4 trong dung moéi hitu
co khong proton.

Axit v co dugce uu tién st dung trong sang ché nay vi gi4 thanh ré va san pham
AID_androstendion nhan dugc dat do tinh khiét cao khong chua san phim phu A3®)-
androstendion. Khong cin trién khai dehydrat hoa trong dung m6i thom doc hai nhu
benzen hay toluen, c6 thé trién khai qu4 trinh dehydrat hoa trong dung moi khong proton
nhu CH,Cly, CHCL; hodc trién khai trong méi truong khong can dung mdi hitu co, trong
truong hgp nay can st dung luong tac nhén 10 13n 16n hon. San phim dé tinh ché bang
phuong phép két tinh chon loc tir dung mdi hitu co thong dung
Vi du thyc hién sang ché
Vi du 1: San xudt hop chat N°V-androstendion:

Céng doan 1: Chiét xudt, tinh ché phytosterol tir phu phdm cong nghiép tinh luyén dau
ddu tuong
i) Thuy phdn

Nap 3300g nguyén liéu phu phim coéng nghiép dau diu tuong, 300g NaOH va
300g H,0/100mL MeOH 96% ( EtOH 96%) vao ndi phan tng, ¢6 dng sinh han hoi
Iwu. Tién hanh khudy dao va hdi luu 1,5 gio. D& ngudi hdn hop phan tng dén nhiét do
phong.

ii) Trung hoa, trich ly phdn ldp san phdam

Trung hoa hdn hop phan ting bing 1600mL H>S0425%. Sau d6 dé ngudi. Po

vao 1600mL H,0, khudy nhe, dé yén. Tach 14y 16p dau phia trén.

iii) Rira san phdam tho
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Rira 3 1in dich dau sterol thd nhan dugc & giai doan trén bang H,O 4m, mdi lan
khoang 1600mL H»O.
iv) Tinh ché sdan phdm

Toan bd dich sterol tho dugc d4 vao binh chira 1500mL hdn hop dung moi chon
loc (CH3 ),CO/MeOH 96%/H,0 (50:40:10 (v/v/v)). Hbi luu 1,5 gio. Bé yén trong
ngin dudi tu lanh ( ~5°C) qua dém . Loc 14y san phim trén phéu loc xbp. Séy trong tu
sdy chan khong 3 gio' & nhiét do 40-50°C. Thu dugc san pham sach

Két tinh 3 14n bé‘mg hdn hop dung mdi chon loc trén hodc ¢6 thé so bo két tinh
1an dau béng EtOH 96%, sau do két tinh lai 2 14n nita b.%mg hé dung moi chon loc. Hoén
hop phytosterol nhan dugc cé do tinh khiét 97% (HPLC)
Céng doan 2: Chuyén héa vi sinh phytosterol dén AD sir dung chiimg Mycobacterium
neoaurum MNOO1
So dd chung:

CH,

Phytosterol (1) — Androstendion (AD) (2)

So dé 3. Chuyén héa phytosterol dén AD sir dung chung Mycobacterium neoaurum
MNO001

Chung Mycobacterium neoaurum MNOO1 dugc lam giau trong méi truong nhéan
gidng thich hop trong thoi gian 4 ngay rdi chuyén sang moi truong chuyén hoa theo ty
18 10%, c6 bd sung 1% phytosterol, nudi & 29°C, khudy dao 220 vong/phut. Qué trinh
chuyén héa kéo dai 3 ngay va duoc kidm tra bang sic ky ban méng st dung etyl axetat
lam dich chiét (ty 1& 1:4), chay trong hé dung mdi n-hexan: axeton (ty 1§ 3:2), soi dudi
UV 254nm. Dich nuéi céy sau d6 duoc tach chiét va tinh ché. Do tinh sach ctia AD dugc
danh gia bang HPLC. Thanh phan moi trudng nhén gidng va chuyén héa cho chung

Mycobacterium neoaurum MNOO1 dugc dan ra trong Bdng 1 dudi day:

MGoéi trwong (g/L) MGéi truwong (g/L)
nhan giong chuyén héa
glucoza 10 glucoza 20
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bot dau tuong khong loai béo | 3 bot dau khong loai béo 10
bot ddu tuong loai béo 2 bot dau tuong loai béo 5
axit xitric 2,2 axit xitric 2,2
u-ré 0,5 (NH4),HPO4 1,5
NH4Cl1 1,0 u-ré 0,5
KoHPO4 0,5 MgSOq 0,5
MgSOq4 0,5 FeSO4 0,05
FeS0O4.7H20 0,05 CaCOs 3
CaCOs3 1,5 Phytosterol 10
pH: 6,8 -7,2 pH: 6,8 -7,2

Bdng 1. Méi truong nhdn giong va chuyén hod ciia
chung Mycobacterium neoaurum MNOO1

Thir nghiém chon co chdt va méi truong nudi cdy t6i wu:
i) Thi nghiém 1: Trudc tién, ching Mycobacterium neoaurum MNOO1 dugc lén men
trén co chét phytosterol nhap ngoai cia Merck Ph- N°1 va moi trudng cua Nga & quy
mo binh tam gidc dung tich 750mL chtra 100mL moi trudong chuyén hoa. Két thuc quéa
trinh chuyén héa, ham lugng AD danh gié theo séc ky ban mong (TLC) 1a Sg/L. T 3g
phytosterol ban dAu tach dugc 1,21g AD tho c6 do tinh sach k¥ thuét 1a 82,72%. Tinh
ché tiép theo thu dwoc 1,105g AD c6 dd tinh sach 97,85% theo HPLC, higu suat tinh
ché dat 94,85%.
ii) Thi nghiém 2:

+ Co chét phytosterol nhap ngoai cia Merck Ph- N°1 va mdi trudng ctia Nga: Tu
5g phytosterol thu dugc 3,01g AD thd ¢ d tinh sach k¥ thuat 59,74% (HPLC) .

+ Co chit nhap ngoai ctia MerckPh- N°1, méi trudng mua tai Viét Nam: Sau 98
gid, ham lwong AD theo TLC dat khoang 4,5 g/L. Tlr 6g phytosterol ban dau thu dugc
3,22g AD tho c6 do tinh sach ky thuét 69,90% . Tinh ché cung luong AD thd & thi
nghiém trén dwgc 5,15g AD véi do tinh sach dat 105,83%, hi¢u suét tinh ché 1a 85,12%.

+ Co chét phytosterol Viét Nam (Ph-VN), moi truong ctia Nga: Hiu suat chuyén
hoa AD tiép tuc duge danh gia qua thi nghiém trén moi truong cua Nga voi hai mau co
chit cia Viét Nam (Ph-VNI1 va Ph-VN2). Tu tong cong 10g phytosterol, sau 98 gio
chuyén hoa, ham luong AD dat 4,4 g/L theo TLC, thu dugc 5,77g AD thoé véi do tinh

-12-



3184

sach k¥ thuat trung binh la 70,08% theo HPLC. Lugng AD thd nay tiép tuc duogc tinh
ché thu duoc 4,91g AD c6 do tinh sach 1a 103,96%, hi¢u suét tinh ché dat 87,37%.

iii) Thi nghiém 3: Thi nghiém véi phytosterol nhap ngoai Merck trén mdi trudong cia
Nga va Viét Nam

+ Mbi truong phan ng cia Nga: Tir 4g phytosterol MerckPh-N2, sau 96 gio
chuyén héa danh gia ham lugng AD dat ~ 5,2 g/L theo TLC, chiét dugc 2,71g AD tho,
do tinh sach k¥ thuat 1a 75,27%.

+ Mbdi trudng phan tmg cua Viét Nam: Tuong tu, tir 4g phytosterol Merck Ph-
N2 trén sau 96 gid chuyén hoa, dich nudi ciy c¢6 ham lugng AD theo TLC dat khoang
4,7 g/L duge chiét va thu dugce 2,31g AD thé. Phan tich bing HPLC cho thdy AD tho
nay c¢6 do tinh sach k¥ thuat khé cao la 91,88%.

Két hop tinh ché luong AD tho trong dot thi nghiém nay thu duoc 3,97g AD, dd
tinh sach theo HPLC 1a 97,28%, dat hi¢u suét tinh ché 83,23%.

iv) Thi nghiém 4: Danh gi4 kha nang chuyén hoa phytosterol Viét Nam (Ph-VN)
trén moi truong cua Viét Nam.

Thi nghiém duoc tién hanh trén co chét phytosterol Viét Nam Ph-VN: Sau 96 gio
chuyén héa, tir 6g phytosterol tich dugc 3,9g AD thd, do tinh sach k§y thuat 94,13%.
Tinh ché va nhan dugc 2,84g AD véi d9 tinh sach 1a 99,55% .

Nhu vy, moi truong chuyén héa ctia Viét Nam st dung bot du twong mua ngoai
thi truong voi cong thic nhu néu trong Bang 1 1a phu hop nhéat dbi v6i ching
Mycobacterium neoaurum MNOO1 trong viéc chuyén hoa phytosterol Viét Nam thanh
AD.

Cong doan 3: Chuyén héa vi sinh AD dén 90-OH AD béng chiing vi sinh Rhodococcus
erythropolis REO01 quy md phong thi nghiém binh tam giac 700mL
So d6 chung:

AD — 90— OH AD
So dé 4: Chuyén héa AD dén 9a-OH AD stk dung

chung Rhodococcus erythropolis RE001
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Lam giau ching Rhodococcus erythropolis RE001 trong moi truong nhén gidng
14n 1 ba ngay & 29°C, khuay dao 220 vong/phit rdi chuyén sang moi trudng nhén gidng
14n 2 (20%) mdt ngay & cung didu kién nudi cdy. Chuyén chung sang mdi truong chuyén
hoa (20%) c6 bd sung AD (4,0g/L), duy tri mdt ngay va kiém tra lugng co chat con du
bing TLC. Két thiic qua trinh chuyén ho4, dich nu6i cAy c6 bd sung etyl axetat v6i ty 16
tuong duong, sau do dugc chuyén sang giai doan tach chiét tiép theo dé thu nhén san
phdm. Dudi day 1a Bang 2 dan ra thanh phan moéi trudng nhan gidng va chuyén hoéa cho

chung Rhodococcus erythropolis RE0O01:

Mbi trwdomng (g/L) | Moi trudong (g/L)

nhén giéng chuyén hoa

dich cao ngo6 20 dich cao ngd 25

glucoza 10 glucoza 5

KoHPO4 1 K2HPO4 1
Na;HPO4 4,5

pH: 6,8 - 7,2 pH: 7.5

Bang 2. M6i truong nhan giong va chuyén hod cua
chung vi sinh Rhodococcus erythropolis RE001
Thit nghiém chon co chét va méi truong nudi cdy toi wu:
i) Thi nghiém 1: Thi nghiém trén moi truong phan ung cua Nga, co chdt AD Merck

Qua trinh chuyén hoa két thuc sau 24 gid. Khong quan sat thdy co chét con lai
trong dich nudi ciy theo TLC. Tur 0,4g co chét cho vao moi truong, tach duge 0,4g 9a-
OH AD thd c6 @6 tinh sach k¥ thuat 1a 78,61%.

ii) Thi nghiém 2: Méi truong cua Nga, co chét AD Merck N°-1 va AD Viét Nam.

Qua trinh kéo chuyén ho4 dai 22 gi¢. Theo TLC, cé hai ngudn AD ctia nuéc ngoai
con du dudi 1%. Tu 2,8g AD cta Merck N°-1 tach duge 3,04g 90-OH AD thd c6 do
tinh sach k§ thuat 1a 58,77% (HPLC). Tir tdng cong 3,35g 9a-OH AD tho, két hop voi
phin thu dugc & dot 1, tinh ché dugce 2,95g san pham c6 o tinh sach 1a 96,77% (HPLC),
v6i higu suat tinh ché 1a 87,80%.

Tuong tu, tir 0,82 AD cta Viét Nam, hi€u suit phan ing chuyén hoa dat 100%,
thu duge 0,89g san phim 9a-OH AD.
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Nhu vdy, bude chuyén hoa AD dén 90, -OH AD biang vi sinh vat theo sang ché
v41 hiéu suit chuyén hoa dat > 70 + 5%, d9 tinh sach san phém > 97% (HPLC) st dung
chiing vi sinh dot bién Rhodococcus erythropolis RE0OL.

Ngoai phd HPLC, céc san phdm AD va 9a- OH AD con duge gidm dinh bang
Pnc, IR, MS, 'H- &'3C- NMR.

Cong doan 4. Chuyén hod vi sinh AD dén 9o - OH AD trén thiét bi 1én men 5,0L (M9)

Chuin bi 1,0L méi trudng nhén giéng cho chung Rhodococcus erythropolis
RE001 (dich chiét men 20g, glucoza 10g, KoHPO4, pH = 6,8). Song song, chudn bi 4L
mdi trudong chuyén hoéa trong ndi 1én men 5L v6i cac thanh phan nhu sau: dich chiét
men 80g, glucoza 20g, KoaHPO4 4g, Na,HPO4 18g, pH =7,5. Moi trudng dugc kht trung
& 118°C, 30 phit va dé & nhiét do phong mot ngay trude khi st dung.

Chung Rhodococcus erythropolis RE001 dugc lam giau trong 200mL mdi truong
nhan gidng lan 1 ba ngay & 29°C, khudy d4o 220 vong/phut rdi chuyén sang 800mL moi
trudng nhan gidng 14n 2 (20%) mot ngay & cung diéu kién nudi ciy. Chuyén ching sang
AL méi trudng chuyén héa (20%) c6 bd sung co chit AD (4,0g/L), duy tri mdt ngay va
kiém tra luong co chat con du bang TLC. Két thiic qua trinh chuyén ho, dich nuéi chy
¢6 bd sung etyl axetat v6i ty 1€ twong duong duge chuyén sang viéc tich chiét tiép theo.
Do tinh sach cua san pham tinh ché dugc danh gia bing HPLC.

Tién hanh 1én men quy mo 5L lap lai d6i v6i ching Rhodococcus erythropolis
RE001 dé oxy hoa AD, ty 1é co chét déu gitt nguyén 4 g/L, tiép gidng 20%. Tbng moi
trudng 1én men 4L. Qua trinh 1én men duoc duy tri nhu sau: téc do khudy 600 vong/phut,
luu lugng khi oxy 0,2L/L/ph, nhiét 4§ 29°C.

Lén men lan déu tién bi dimg ngay sau khi tiép co chat vao moi truong chuyén
héa vi: 1) khong st dung dau pha bot dé han ché lugng bot sinh ra, 2) co chét sau khi
tiép vao moi truong tao thanh nhing hat tinh thé 16n nén khong chuyén héa dugc co
chét nay. Dot 1én men 14n hai, ddu pha bot dugc thém vao trong khi dang tiép co chét dé
]am tan bot trong qua trinh khudy. Song song véi ndi 5L nay, hai binh tam gidc 500mL
chira 100mL mbi trudng chuyén héa trong mdi binh ciing duoc lic & ti lac 29°C, 220rpm
(vong/phtt) ¢ cung thoi gian trén.

Sau 16 gio, dinh tinh trén ban méng, vach AD van con kha ddm & hai binh tam
giac trong khi ¢ ndi 5L khong quan sat thdy vach nay. Nhu vay qué trinh chuyén hoa &

ndi 5 lit két thuc sém hon nhiéu so v6i hai binh tam giéc.
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Sau 20 gid, khong quan sat thay vach co chét nao trén ban mong, nhu vy qua
trinh chuyén hoa da hoan tat trong binh tam giéc.

Ngoai ra, hai binh tam gidc khac c6 cung cong sut nhu trén ciing dugc lic tur
mot thi nghiém trude day va qua trinh chuyén hoa ciing dién ra hoan toan nén duoc gom
lai trong qué trinh tach chiét cung vé6i dich 1én men & thi nghiém nay.

Tir tdng thé tich 1én men 1a 4,41 ¢6 17,6g co chat AD tinh ché 1dn du thu dugc
16,03g 90-OH AD thé c6 dd tinh sach k¥ thuat 1a 75,87% (HPLC).

Tiép tuc tinh ché tir san phdm thd nay thu dugc 14,52g 9a. -OH AD ¢6 d tinh
sach 1a 96,68%.

Hiéu suét tinh ché dat 78,6%, tuong duong véi 3,3 g/L.

Két qua cu thé dugc trinh bay trong Bang 3 dudi day

Thé tich | Co 9g- |Potinh | 90-OH P tinh Hiéu suit
1én men |chat | OH sach AD sach chuyén hoa
AD | AD | Kk§y thuat |tinhché |(HPLC) | theo Mol
thé
) (8) (8) (%) (8) (%) (%)
4 16 16,03 | 75,87 14,52 96,68 78,6
0,4 1,6

Bdng 3. Két qua dinh luong san phdm 9a-OH AD sau khi lén men quy mé 5,0L
Két qua phan tich do tinh sach cta san pham tho,san pham tinh ché va chét chuin bing
HPLC dugc trinh bay trong cac Hinh 3, 4 va 5.

Két lugn: Quy trinh theo sang ché chuyén héa tir AD thanh 9a-OH AD bang ching
Rhodococcus erythropolis RE001 dat hi€u suét chuyén hda 78,6% trén thiét bi 1én men
5,0L. San phém 90-OH AD c6 @0 tinh sach dat > 97% (HPLC).

Thir nghiém Trién khai quy trinh theo sdng ché chuyén hod AD dén 9a. - OH AD quy mé
pilot trong thiét bi lén men 80L

Neouyén vdt liéu, hoa chét:

Ho4 chéat: dat tiéu chuén thi nghiém cua cac hang Merck va Sigma; AD (Merck & Viét
Nam), thiét bi 1én men 80L Bioflo 5000 BF-5000 80L(M§), Ban mong silica gel 60 F254
Merck dung dé phan tich dinh tinh dich 1én men HPLC cua hang Shimadzu, cot LC18
(25cm x 4,6mm, 5pum), dém H>O:metanol = 4:6, tdc do ImL/phut, budc séng phat hién:
240nm.
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Chudn bi cdc moi truong:

6L mdi trudong nhan gidng (dich chiét men 120g, glucoza 60g, KxHPO. 6g, pH =
6,8) chia vao 2 binh tam giac cong suét 2L mdi binh 500mL mdi truong, va 5L con lai
cho vao thiét bi 1én men cong suat 10L.

30L méi trudong chuyén hoa chira trong thiét bi 1én men 80L (dich chiét men
600g, glucoza 150g, KoHPO4 30g, Na;HPO4 135¢g, pH = 7,2).

TAt ca cac mdi trudong trén dugc khit tring ¢ 118°C trong khoang thoi gian 30
phut va dé & nhiét do phong ba ngay trude khi st dung.

Chung Rhodococcus erythropolis RE001 sau khi lam giau trong mdi truong nhan
gidng dugc chuyén sang moi truong chuyén hoa c6 bd sung co chit AD (4g/L) trong
ndi 80L. Qua trinh 1én men dugc duy tri mot ngay. Danh gia luong co chét con du trong
mdi trudng bang TLC. Két thuc qua trinh chuyén hoa, dich nuoi cly c6 bd sung etyl
axetat vdi ty 1€ tuong duongdé tach san phdm. P9 tinh sach cua san pham tinh ché dugc
phan tich bing hé thong phd sac ky HPLC.

Trén co s& nghién ctru thanh cong bude chuyén hoa AD sang 9a -OH AD quy
md 5L, tiép tuc trién khai thir nghiém cdng nghé nay 1én quy mo pilot 80L trén thiét bi
1én men thong dung. Nhiét do nuoi cdy gidng va 1én men dugc duy tri 6n dinh & 29°C.
Truéc tién, lam giau chung Rhodococcus erythropolis RE001 trong hai binh tam giac
2L mdi binh chta S500mL méi trudng nhan giéng, lc & 220 vong/ phut trong ba ngay
sau d6 chuyén toan bo gidng trong hai binh nay sang 5L m6i trudng nhan gidng & thiét
bi 1én men 10L, nudi thém mot ngay & cung nhiét do trén, tdc dd khqu 500 vong/phut,
luu lugng khi oxy 1a 0,2/1/1/ph. Toan bd chiing lam giau trong thiét bi 1én men 5 lit dugc
chuyén sang thiét bi 1én men 80L chira 30L mdi trudng chuyén hoa c¢6 bd sung co chat
AD (4 /L) da chuén bi & phén trén. Khac véi hé théng 1én men quy mo 5L, thiét bi lén
men 80L khoéng c6 dién cuc do oxy va téc do khudy tdi da 1a 550 vong/phit nén ngudn
oxy vO trung dua vao thiét bi 1én men theo dudng dng & mirc do t6i da va tdc do khudy
duoc duy tri & 500 vong/phut.

Vi ching Rhodococcus erythropolis RE001 khong nhay cam nhiéu déi voi tbe do khudy,
hon nita ngudn cung cap khi ludn duy tri & muc do tdi da nén sau khoang 10 gid chuyén
hod, dich mdi trudng c6 su bién doi vé& mau sic (mau vang 6ng) nhu céc thi nghiém da
nghién ctru thanh cong trude ddy & quy mo binh tam gidc cling nhu quy m6 5 L. Dich

mdi truong sau do dugc lay ra dinh ki qua van thu mau dé cham trén ban mong sac ky
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cung véi co chit AD va chét chuén 9a-OH AD dé kiém tra co chit con du. Trén ban
moéng cho thay dich chiét & thiét bi 1én men 80L chi cho mot vach duy nhét tuong tng
v6i vi tri cua chéat chuin 9a-OH AD. Nhu vay, qua trinh chuyén héa da hoan tat. Dich
1én men sau d6 duoc b sung etyl axetat va chiét 1an du thu duogc 93g sén pham 9a-OH
AD thd (tlr tdng s6 co chit ban diu 120 g). D tinh sach theo HPLC 1a 91,55%. Sau khi
tinh sach san phém tho, thu duoc 88,71g san phém tinh ché, c6 dd tinh sach theo HPLC
12 96,98 ( ~97)%. Nhu vay hiéu sudt tinh ché 1a 70%. Két qua cu thé dugc trinh bay

trong Bang 4 dudi day.
Thé Co San Do tinh 90-OH Po tinh | Hiéu suat
tich chit phflm sach AD sach chuyén
l1én AD 9a-OH ky thuat tinh (HPLC) | hoa
men AD tho ché theo Mol
@ (2) (2) (%) (8 (%) (%)
30 120 93 91,55 88,71 96,98 70,00

Badng 4. Két qua dinh lwong san pham 9a- OH AD sau khi 1én men quy mé 80 L

Két qua phan tich dd tinh sach ctia san phém thd, san pham tinh ché va chét chuén
bang HPLC dugc trinh bay trong Hinh 6 & 7
i) Chuén bi gidng
+ Nubi cdy ching Rhodococcus erythropolis RE001 trong 1L mdi trudng nhan gidng &
hai binh tam giac 2L, toc dd khudy 220 vong/phut, thoi gian 3 ngay.
+ Chuyén chiing sang 5L mdi truong nhén gibng & thiét bi 1én men 10L, 500 vong/phut,
luu Iuong khi oxy 14 0,2/1/1/ph.
ii) Lén men chuyén hod co chét AD thanh 9a-OH AD
+ Chuyén toan bo dich nudi cdy trong thiét bi 1én men 10L & bude 1 vao 30L moi truong
chuyén ho4 trong thiét bi 1én men 80 L.
+ Téc d6 khudy 500 vong/phit, nhiét do 1én men 29°C, oxy cung cap tbi da.
+ Kim tra mAu sau 10 gio chuyén hoa.

iii) Chiét xuat tinh ché san phdm bang etyl axetat
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Két ludn: Quy trinh theo sang ché st dung chiing Rhodococcus erythropolis RE001 quy
md pilot san xudt 90-OH AD trén thiét bi 1én men 80L vé6i hiéu suit chuyén hoa dat >
70%. San phim tinh khiét 9a-OH AD c6 d tinh sach dat > 97% (HPLC).

Céng doan 4: Téng hop A V-androstendion bang cdch dehydrat héa 9a-OH AD:

So d6 chung:

o
90-OH ADA’UD-AD

So dé 5. Dehydrat héa 9a-OH AD
Thir nghiém lya chon tdc nhdn dehydrat hod:

i) Phuong 4n lya chon 1: Dung dich gdm 10g 9a-hydroxy androstendion, 185mL
CHCIl; (d=1,48, cAt lai & nhiét do so6i) va 36,6mL H3PO4 (nﬁ”)ng do > 85%, d=1,69) duoc
hdi lwu & nhiét d6 60°C trong 2 gid. Sau 2 gio khi phan tng két thuc, 16p hitu co duge
rtra bang H,O dén tri s6 @6 pH = 7. Dung mdi dugc loai b hoan toan dudi ap sut giam,
cin thu duoc dem két tinh lai bang etyl axetat (200mL, thoi gian két tinh: dé qua dém
trong tu lanh ¢ nhiét d6 5°C) thu duoc 8,93g hop chét 9(11)-dehydro androstendion sach,
hiéu suét 95%. Nhiét 6 nong chay (°C): 204 -205°C

ii) Phuong an lua chon 2: Twong tu phuong 4n 1 nhung thay CHCls bang CHCL
(185mL) va dat hiéu sudt 98%

ii) Phuong 4an lya chon 3: Tuong tw phuong 4n 1 nhung thay CHCl; bang toluen
(20mL) va dat hiéu suét 98-99%

iii) Phuong 4n lua chon 4 : Dung tic nhan dehydrat hoa 1a H2SO4 (80%, 150mL),
dung mdi CHCl, (185mL), thoi gian 2 gid va dat higu sudt 90%.

iv) Phuong 4an lya chon 5 : Dung modi benzen, tac nhan dehydrat hoa la HC1O4
(57%, 170ml), thoi gian phan Gng 45 phit va dat hi¢u suét 86%.

Tuy nhién dé trién khai vao san xuét cong nghiép, khong nén dung dung mdi
thom ddc hai nhu benzen, toluen.

Phdn tich céu tric cde san phdm ciia quy trinh theo sdng ché bang cdc phwong phdp

phd
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Sdn phdm cuia buée 1. Phytosterol

Phé IR (KBr, v, cm™) cho cac peak dic trung & 3433cm™! (von), 1640cm™ (ve=c)
va céc peak dic trung ¢ 2938cm! cua cac dao dong ven (cua hé théng vong no ctia phan
tir sterol) nhu duoc thé hién trong Hinh 8.

Phén tich hdn hop phytosterol ddu twong tdt nhit nho phé HPLC- MS dugce the
hién trong Hinh 9. Trén phd c6 3 peak chinh ddc trung cho 3 phytosterol thanh phan
dién hinh ctia mot hdn hgp phytosterol ddu twong, d6 1a: g -sitosterol (39,5%), thoi gian
luu: 39,257; stigmasterol (29,56%), thoi gian luu: 36,145; campesterol (24,68%), thoi
gian luu: 34,499. Nhu véy ham lugng sterol tdng sb cia 3 thanh phan chinh dat: 93,74%

Phd MS duge thé hién trong cac Hinh 10-12: cho nhiing thong tin phi hgp cho
ting sterol riéng biét: phd MS cuia peak S -sitosterol (1) cho peak ion phan tit M" = 414
tuwong ng véi f - sitosterol, phd MS ctia peak stigmasterol (2) cho peak ion phéan tir M
= 412 tuong Gng vdi stigmasterol, con phd MS cuia peak campesterol(3) cho peak ion
phan tir M* = 400 hoan toan trung hop voi trong luong phan tir cia campesterol.

San phdam ciia buée 2: Androstendion (AD)

Phd IR (KBr, y,cm™): phd IR clia san phidm AD cho c4c peak dac trung ¢ ving
2952¢m! (yen),1732em™ (ye=0 ) & vi tri C-17, 1661cm™ (yc-0) & vi tri C-3, 1615em™ (
Vo) O Vitri C-4).

Phé 'H-NMR(500 MHz, CDCl;, §)cua san pham AD xuét hién cac peak dic trung
ctia khung sterol, cdng hudng &: 0,9225 ppm (s, 3H, 18-Me); 1,2180 ppm (s, 3H, 19-
Me); 5,751 ppm (s, 1H, *H).

Phd BC-NMR ctia AD gdm 19 peak twong tmg v&i 19 nguyén tir C trong phan ti.
Cong huong & vung truong thép 1 tin hiéu clia cdc nguyén tir C cacbonyl va olefil; cu
thd: dd chuyén dich hod hoc ¢ 199,13 ppm dugc géan cho C-17 (’C=0); 170,27 ppm
dugc gan cho C-3 ((C=0); 124,09 ppm dugc gan cho C-4 (*C olefin); 77,42 ppm dugc |
gan cho C-5 (°C olefin).Con lai 1a ving cdng hudng cia cac nguyén tr C no ¢ truong
cao.

Phd MS ciia AD xuit hién peak ion manh [M*] ¢c6 m/z = 286 tring v6i khi lugng
Mol cia AD, peak ion manh ¢6 m/z =271 duoc giai thich 1a do ¢6 sy tich nhom metyl
khoi khung phén ti [M-CHs]".
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Phd HPLC cua AD cho thiy san phim c6 d9 tinh sach cao, thoi gian luu cua AD la

12,5 phaut.
Sdn pham ciia buée 3: 9a - OH AD

Phd IR(KBr, y,cm™) ctia 90, -OH AD ngoai cac peak ddc trung twong tu nhu phd
IR ctia AD, cu thé: & viing 2933cm™ (ycn),1735em™ (yc=o & vi tri C-17), 1655cm (yc-o
& vi tri C-3), 1614cm™ (y._. 6 vi tri C-4), con xuét hién peak dic trung cho dao dong
hoa tri ctia nhém O-H & 3449cm™!.

Phd 'H-NMR(500 MHz, CDCls, 8) cia san pham 90-OH AD ngoai cac tin hiéu
céng hudng tuong tu nhu phd 'H-NMR ctia AD: 0,923 ppm (s, 3H, 18-Me); 1,351 ppm
(s, 3H, 19-Me); 5,891 ppm (s, 1H, ‘H), con xuét hién 1 singulet c6 do chuyén dich hoa
hoc 2,41 ppm dugc quy két cho proton nhém O-H (s, 1H, 9 O-H).

Phd 3C-NMR cta 9a-OH AD gdm 19 peak twong ung v6i 19 nguyén tir C trong
phén ti. Cong hudng & vung truong thap 1a tin hiéu cta cac nguyén tir C cacbonyl va
olefil tuong tu nhu phd BC-NMR cta AD; cu thé: dd chuyén dich hoa hoc & 199,04
ppm duoc gan cho C-17 (7C=0); 168,41 ppm dugc gan cho C-3 (*C=0); 126,97 ppm
duogc gan cho C-4 ( olefin); 77,37 ppm dugc gan cho C-5 ( olefin) va vung cdng huong
cua cac nguyén ti C no ¢ truong cao. Ngoai ra con xuét hién tin hiéu cong hudng c6 do
chuyén dich hod hoc & 76,66 ppm dugc quy kétcho C-9 lién két v6i nhém O-H.

Phd MS ctia 9a-OH AD xuét hién peak ion manh [M'] ¢6 m/z = 302 trung v&i khi
lugng Mol cua 9o -OH AD, peak ion manh c6 m/z = 284 1a do c6 su tach mot phan tu
H>0 khéi khung phén tr [M-H,0]".

Phd HPLC cua 90 -OH AD cho théy san phém c6 do tinh sach cao, thoi gian luu
cia 90 -OH AD 1a 6 phut.

San phim cuéi: A*'V-androstendion

Phd IR (KBr, v,cm™) ciia A°1D-androstendion mat di peak ddc trung cia nhom O-
H, ton tai cac peak dic trung cho dao dong hoda tri ctia cdc nhom cacbonyl & 1732 va
1659cm™! (17C=0 va 3C=0) va ctia ndi d6i C=C & 1616 va 1449cm".

Phd 'H-NMR (500 MHz, CDCls, §): ngoai cac tin hiéu cong hudng cua cac proton
H-4 (5,76ppm; singlet tit), nhém metyl ¢ vi tri 19 (1,36 ppm; s) vavi tril8 (0,88 ppm; S)
con xuét hién 1 multiplet & 5,57 ppm dugc gan cho proton olephil & vi tri 11.

Céc Hinh 1-7 thé hién phd HPLC ciia cac san pham AD, 9a-OH AD cta quy

trinh theo sang ché.
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Nhiing loi ich (hi¢u qua) cé thé dat dwgc

Quy trinh theo sang ché gitp thu duge cac hgp chét steroit gdm phytosterol,
androstendion (AD), 9a-hydroxy androstendion (9a-OH AD) va androst-4,9(11)-dien-
3.17-dion (A°MV- AD) hiéu suét cao, tinh ché don gian, san phdm tinh khiét dat tiéu
chuén dugc dung, hiéu qua kha thi dé trién khai vao san xuit & quy mo cong nghiép; la
nguyén liéu ban dAu dé san xuét thuc phdm chiic ning va cac loai thubc hormon steroit
khac ¢6 nhu ciu va yéu ciu san lugng ngay cang 16n trén thé gigi ma Viét Nam hién da
phan phai nhap khéu do khong c6 nguyén liéu dAu va cong nghé tong hop. Quy trinh
theo sang ché san xuét tan dung phu phim coéng nghi€p tinh luyén diu d4u trong, ngudn
nguyén liéu méi ddi dao thé gidi, thé manh ctia Viét Nam — mot nude ndng nghiép nhiét
d6i hang nam san xuét va tiéu thy hang trdm nghin tn (~ triéu t4n), hién dang dugc

chinh pha khuyén khich phat trién.
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YEU CAU BAO HQ

1. Quy trinh san xuét hop chét androst-4,9(11)-dien-3,17-dion tir phu phim codng nghiép

tinh luyén dau dau trong bao gdm céc budc:

(i) thity phan phu phim cong nghiép tinh luyén dau ddu twong bang dung dich
NaOH 50%, bd sung ancol bac thap ndng do 30-70% va trung hoa bang dung dich axit
H,SO4 25% dé thu dwoc dich ddu sterol thd, tinh ché dich dau sterol thd dé thu
phytosterol bang phuong phéap két tinh chon loc su dung dung mdi hitu co
(CH3)2CO/MeOH 96%/H>0 theo ty 1& 50:40:10 (v/v/v);

(i) bd sung phytosterol thu dugc tir bude (i) vao moi trudng chuyén hod chira
10% dich nudi cdy chiing Mycobacterium neoaurum MNO0O1 ¢6 s6 nop luu MNOOI tai
Vién Cong nghé sinh hoc, Vién Han 1am Khoa hoc va Cong nghé Viét Nam theo ty 1&
1% (khéi luong/thé tich), nudi & 29°C, tbc 6 khudy 220 vong/phit trong thoi gian 3

ngay, tach chiét va tinh ché dé thu dugc androstendion,

trong d6 dich nudi cly ching Mycobacterium neoaurum MN001 thu dugc sau
khi nuéi cdy 4 ngay trong mdi trudong nhan gidng bao gbm (g/L): 10g glucoza, 3g bot
dau tuong khong loai béo, 2g bot ddu tuong loai béo, 2,2g axit xitric, 0,5g u-ré, 1,0g
NH4Cl, 0,5g K2HPO4, 0,5g MgSOq, 0,05g FeS04.7H,0, 1,5g CaCO3 6 pH 12 6,8 - 7,2,

trong d6 moi truong chuyén hoé bao gom (g/L): 20g glucoza, 10g bot déu twong
khong loai béo, 5g bot dau twong loai béo, 2,2g axit xitric, 1,5 (NH4),HPOs, 0,5g u-r€,
0,5g MgSOs, 0,05g FeSOs, 3g CaCO3 6 pH 12 6,8 - 7,2;

(iii) bd sung ching Rhodococcus erythropolis RE001 c6 s6 nop lvu RE001 tai
Vién Cong nghé sinh hoc, Vién Han 1am Khoa hoc va Cong nghé¢ Viét Nam vao

androstendion thu dugc tir bugce (ii) dé thu dugc 9a-hydroxy androstendion,

trong d6 dich nudi cdy chiing Rhodococcus erythropolis RE001 thu duge sau khi
nudi cdy ba ngay & 29°C, tdc do khudy 220 vong/pht trong mdi truong nhan gidng, sau
d6 chuyén 20% dich nuoi cAy sang mdi trudng nhan gibng va tiép tuc nudi cdy mot ngay
& 29°C, tdc d6 khudy 220 vong/phit, mdi truong nhén gidng bao gbm (g/L): 20g dich
cao ngd, 10g glucoza, 1g KoHPO4s ¢ pH 12 6,8 - 7,2
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trong d6 mdi trudong chuyén hoa bao gém (g/L): 25g dich cao ngd, 5g glucoza,
1g KoHPO4, 4,5g Na;HPO4 6 pH 14 7,5; va

(iv) dehydrat héa 9a-hydroxy androstendion thu duge tlr budc (iii) s dung axit
vd co dugc chon tir nhom bao gém H,S04, H3PO4, HC1O4 trong dung moi hitu co

khong proton dé thu duogc androst-4,9(11)-dien-3,17-dion.
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